In this paper an experimental system for producing simulation programs through natural language dialogue with a computer is described.
i. Introduction
This p a p e r r e p o r t s on work which i s b e i n g done a t t h e Naval P o s t g r a d u a t e School t o d e v e l o p a s y s t e m f o r p e r f o r m i n g s i m u l a t i o n a n a l y s e s t h r o u g h n a t u r a l language ( e . g . E n g l i s h ) i n t e ra c t i o n w i t h a computer. The e v e n t u a l goal i s t o e n a b l e an a n a l y s t s e a t e d a t a t e r m i n a l to " t a l k " w i t h t h e computer about h i s s i m u l a t i o n problem in his own natural language, and have the computer "understand" the problem and do the simulation, reporting the results in the same natural language.
In such a system the computer would function as an intelligent assistant with great computing powers -actually a combination programmer and computer.
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The status of this system as of the time of this writing is that it can carry on a dialogue in English about a simple queuing problem and ~hen produce a GPSS program to do the simulation. This is essentially the programmer part of the total system described above.
This project has been influenced by work being done in the areas of simulation programming languages, artificial intelligence, and linguistics.
The entity-attribute-value "world view" of both SIMSCRIPT [1] and GPSS [2] plays a central role in this system. Ideas have been borrowed from artificial intelligence work on naturallanguage question-answering systems [3, 4] , and the language processing has been done within the framework of Stratificational Linguistics [5, 6] .
This paper is intended to serve as an introduction to the system being developed and to demonstrate some of the capabilities of the current version. Another introductory paper based on a slightly earlier version is available [7] , and a very detailed technical report has been prepared [8] . This paper consists primarily of a sample problem and an explanation of its overall processing, without details of the linguistic aspects.
The Sample Problem
Figures 1, 2, and 3 show a terminal session with this system for a sample problem. The s~atementnumbers which appear there were added for ease of reference in the discussion. All of the lower case typing was done by the user, and all of the UPPER CASE by the computer.
1. vehicles arrive at a station.
2. the station has just one pump.
5. a vehicle will leave the station immediately after arriving if the length of the line at the pump is not less than two.
4.
otherwise, it is serviced there; then it leaves.
5. service times are exponential, with a mean of 5 minutes for cars and 9 minutes for trucks.
6. three quarters of the vehicles are cars and one fourth of them are trucks.
7. is the statement of the problem complete?
HOW OFTEN DO THE VEHICLES ARRIVE AT THE STATION?
8. arrivals are normally distributed with a mean of 8 minutes and a standard deviation of 2 minutes.
HOW LONG SHALL THE SIMULATION BE RUN?
9. the basic time unit to be used in the model is 30 seconds.
10. eight hours.
THE PROBLEM STATEMENT IS COMPLETE. The first figure shows the problem description being given to the system. As can be seen there, the user entered six statements and then asked if the problem description was complete.
The system realized that information about the inter-arrival times was missing, so it asked a question about that, which the user responded to with a complete sentence,. Then the system asked how long the model was to be run, but the user chose to give information about the basic time unit instead, which would have been the subject of the next. question. After processing the reply, 11.
describe the problem in english. THE STATION. THE  TIME BETWEEN ARRIVALS OF THE VEHICLES AT THE  STATION IS NORMALLY DISTRIBUTED, WITH A MEAN OF  8 MINUTES AND A STANDARD DEVIATION OF 2 MINUTES.  75 PERCENT OF THE VEHICLES ARE CARS, AND THE  REST ARE TRUCKS. AFTER ARRIVING AT THE STATION,  IF THE LENGTH OF THE LINE AT THE PUMP IN THE  STATION IS LESS THAN 2, TLtE VEHICLE WILL BE  SERVICED AT THE PUMP IN THE STATION. OTHERWISE,  THE VEHICLE WILL LEAVE THE STATION. THE TIME  FOR THE VEHICLES TO BE SERVICED AT THE PUMP IN  THE STATION IS nounced that it had a complete problem statement, * i.e. one for which it could produce a GPSS program.
THE VEHICLES ARRIVE AT
In the second figure there is a description * ACT2 of the problem "in the computer's own words", which the user can read carefully to see if the * ACT3 system "understood" him. Then the third figure shows the GPSS program produced by the system for performing the simulation.
3. The Overall Approach * If a simulation programmer were given a queuing problem stated in a natural language, he would probably read it one or more times to form a "mental image" of the system being described and to note the points of interest in it. PUMP2 EQU  2,F,Q  CAR2 EQU  2,T   2  TABLE  MI,I,I,2  TRUC3 EQU  3,T   3  TABLE  M1 he might s t a t e t h e p r o b l e m " i n h i s own words" to t h e w r i t e r as a check on h i s u n d e r s t a n d i n g o f i t .
F i n a l l y , he would t h i n k about t h e problem i n t e r m s o f t h e c o n c e p t s o f t h e computer language he p l a n n e d t o u s e , and t h e n he would w r i t e t h e program. i n t h e s y s t e m . Here, t h e former o f t h e s e a r e termed " m o b i l e e n t i t i e s " , and t h e l a t t e r a r e c a l l e d " s t a t i o n a r y e n t i t i e s " .
(In SIMSCRIPT t h e s e a r e t e m p o r a r y and p e r m a n e n t e n t i t i e s , and i n GPSS t h e y a r e t r a n s a c t i o n s and f a c i l i t i e s and s t o r a g e s . )
As t h e m o b i l e e n t i t i e s move t h r o u g h t h e s y s t e m , t h e y engage i n ' h c t i o n s " a t t h e s t a t i o n a r y ent i t i e s . Some o f t h e s e a c t i o n s a r e i n s t a n t a n e o u s , such as a r r i v e and l e a v e , and a r e c a l l e d " e v e n t s " ; o t h e r s , such as s e r v i c e and l o a d , consume t i m e and a r e r e f e r r e d t o as " a c t i v i t i e s "
h e r e .
The IPD d e s c r i b e s t h e flow o f m o b i l e e n t i t i e s t h r o u g h a s y s t e m , by s p e c i f y i n g t h e a c t i o n s which
t a k e p l a c e t h e r e and t h e i r i n t e r r e l a t i o n s h i p s . were created with some attributes, and the SUCC attribute was added to RECII.
Each o f t h e s e a c t i o n s i s r e p r e s e n t e d by a r e c o r d which has a t t r i b u t e s t o f u r n i s h such i n f o r m a t i o n as t h e t y p e o f a c t i o n , t h e e n t i t y d o i n g t h e a c t i o n , t h e one t o whom t h e a c t i o n i s b e i n g d o n e , t h e l o c a t i o n where i t h a p p e n s , how l o n g i t t a k e s , how o f t e n i t o c c u r s , and what happens n e x t . A g r a p h i c p o r t r a y a l o f t h e IPD b u i l t by t h e s y s t e m f o r t h e sample problem o f F i g u r e 1 a p p e a r s i n F i g u r e 4. In the f i g u r e each r e c o r d o f t h e IPD i s r e p r e s e n t e d by a box, w i t h t h e name o f t h e r e c o r d a p p e a r i n g a t t h e top o f t h e box. With t h e e x c e p t i o n o f MEMORY and 'ACTNLIST', t h e s e names do n o t a c t u a l l y e x i s t w i t h i n t h e c o m p u t e r , but were

Sentences which occur in natural language
descriptions of queuing problems can be considered / to fall into two categories: "action sentences"
and "attribute sentences". An action sentence has as its main verb an action verb, which is modified by phrases and clauses to specify the values of the attributes of the action. For example,
After arriving, if the dock is available, the ship is unloaded at the dock.
is an action sentence; the action is "unload", its goal is "ship", its location is "dock", its predecessor is "arrive", and its condition is "dock available".
It should be noted that the order of most of the phrases and clauses in this sentence could be changed without altering the information content.
An attribute sentence has as its main verb
an attribute verb, and is used to specify the value of some attribute of some record in the IPD. For example,
The time to unload the ship is 8 hours.
says that the value of the "time" (actually duration) attribute of the action record "unload ship" is "8 hours". An equivalent statement would be It takes 8 hours to unload the ship.
The English statement of the problem must describe the flow of mobile entities through the queuing system. This is done by saying something about each action that takes place there, and how it is related to other actions. Each mobile entity must "arrive" at or "enter" the system. Then it may go through one or more other actions, such as "service," "load,"
"unload," and "wait." Then, typically, it "leaves" the system. The order in which these actions take place must be made explicit by the use of subordinate clauses beginning with such conjunctions as "after," "when," and "before," or by using the adverb "then". If the order of the actions depends on the state of the system being simulated, an "if" clause may be used to specify the condition for performing an action. Then a sentence with an "otherwise" in it would be used to give an alternate action to be performed when the condition is not met.
In the sample problem in Figure i If the length of the line at the pump in the station is less than 2 when a vehicle arrives, it will be serviced at the pump. Otherwise, it will leave immediately. After being serviced, a vehicle leaves the station.
In addition to describing the flow of mobile entities through the queuing system, the English statement of the problem must also furnish other information needed to simulate the system, such as the various times involved.
It is necessary to specify the time between arrivals, the time required to perform each activity, the length of the simulation run, and the basic time unit to be used in the GPSS program. Also, the quantity of each stationary entity should be specified.
(A quantity of one is assumed otherwise.) Other information, such as that of sentence 6 in tbe example, may also be given.
In the sample problem, sentences 2, 5, 6, There is one pump in the station.
The quantity of pumps in the station is one.
There is one pump, and the pump is in the station.
Each attribute sentence is essentially of the form, "attribute of entity equals value."
The name of the attribute may be given explicitly, as is "quantity" in the second sentence above~ or it may be implied by the verb or the type of value or some other characteristic of the sentence. For example, the verb "hold" implies the capacity attribute in the following sentence:
The station can hold three cars.
An equivalent statement would be:
The capacity of the station is 3 cars.
In each of the following, the attribute is implied by the type of value:
The pump is in the station.
The pump is green.
These are equivalent to:
The pump is located in the station.
The color of the pump is green.
In sentence 8 of the sample problem, the attribute "inter-event time" is implied.
The entity referred to may be a physical entity, such as pump and station in the above examples, or it may be an abstract entity, such as an action or a probability distribution. When it is an action, the infinitive or present participle form of the action verb, along with appropriate modifiers, is usually used to identify the action.
For example, the following four sentences are all equivalent:
The time to service a vehicle at the pump is 5 minutes.
The time for servicing a vehicle at the pump is 5 minutes.
The time for a vehicle's servicing at the pump is 5 minutes.
The servicing of a vehicle at the pump takes 5 minutes. 
In t h e l a s t p h r a s e above t h e r e i s a c t u a l l y a second l e v e l o f a t t r i b u t e and v a l u e , i . e . t h e mean ( a t t r i b u t e ) o f t h e e x p o n e n t i a l d i s t r i b u t i o n ( e n t i t y ) i s two h o u r s ( v a l u e ) .
This can a l s o be s e e n i n s e n t e n c e s 5 and 8 o f t h e sample p r o b l e m . Otherwise, it is serviced at it; then it leaves.
Whenever some a c t i o n i s r e f e r e n c e d i n e i t h e r an a c t i o n s e n t e n c e o r an a t t r i b u t e s e n t e n c e , o n l y enough m o d i f i e r s t o d i s t i n g u i s h t h a t a c t i o n from o t h e r s have t o be
In this case the middle "it" would be taken as "the pump~" because a location phrase requires a stationar Z entity in the queuing problem context.
Most s e n t e n c e s o f t h e i n p u t t e x t a r e comp l e t e l y p a r s e d ( a t l e a s t i m p l i c i t l y ) , i . e . e v e r y
word and p h r a s e must be a c c o u n t e d f o r . H o w e v e r , t h e s y s t e m i s a l s o c a p a b l e o f e x t r a c t i n g meaning from some s e n t e n c e s j u s t by t h e a p p e a r a n c e o f c e rt a i n " k e y w o r d s . " For i n s t a n c e , i f t h e words " t i m e " and " u n i t " and some time p h r a s e ( e . g . "30 s e c o n d s " ) a p p e a r i n a s e n t e n c e , t h e t i m e p h r a s e i s c o n s i d e r e d to be t h e v a l u e o f t h e TIMUNIT a tt r i b u t e o f MEMORY. S i m i l a r l y , t h e a p p e a r a n c e o f "6PSS" o r "program" r e s u l t s i n t h e GPSS program b e i n g p r o d u c e d .
In t h e sample p r o b l e m , s e n t e n c e s 7, 9, i i , and 12 a r e keyword s e n t e n c e s .
In t h e E n g l i s h i n p u t t h e u s e r may e i t h e r s t a t e t h e c o m p l e t e p r o b l e m innuediately, or he may s t a t e j u s t some p a r t o f i t and t h e n l e t t h e s y stem ask q u e s t i o n s t o o b t a i n t h e r e s t o f t h e i n f o rm a t i o n , as was done i n F i g u r e 1. Each t i m e t h e s y s t e m a s k s a q u e s t i o n , i t i s t r y i n g to o b t a i n t h e v a l u e o f some one e s s e n t i a l a t t r i b u t e .
A q u e s t i o n may be answered by a c o m p l e t e s e n t e n c e ( e . g . s t a t e ~ ment 8) or s i m p l y by an a p p r o p r i a t e p h r a s e ( e . g .
s t a t e m e n t 10) t o f u r n i s h a v a l u e f o r t h e a t t r i b u t e ,
or t h e q u e s t i o n may be i g n o r e d and a s e n t e n c e w i t h some o t h e r i n f o r m a t i o n g i v e n ( e . g . s t a t e m e n t 9 ) .
The E n g l i s h Problem D e s c r i p t i o n Produced by t h e System The o v e r a l l manner in w h i c h : t h e E n g l i s h p r o blem d e s c r i p t i o n i s p r o d u c e d by t h e s y s t e m can be s e e n by comparing t h e i n f o r m a t i o n i n t h e t e x t o f F i g u r e 2 w i t h t h e i n f o r m a t i o n i n t h e IPD o f F i g u r e 4. The f i r s t p a r a g r a p h i s p r o d u c e d by g o i n g down t h e a c t i o n l i s t and s a y i n g s o m e t h i n g a b o u t t h e a t t r i b u t e s o f e a c h a c t i o n . The v e r y f i r s t a c t i o n i s s i m p l y s t a t e d w i t h an a c t i o n s e nt e n c e c o n t a i n i n g i n f o r m a t i o n a b o u t t h e t y p e o f a c t i o n , i t s AGENT a n d / o r GOAL, and i t s LOCATION.
I f t h e IETM or DURATION a t t r i b u t e h a s a s i m p l e v a l u e , i t w i l l be i n c l u d e d a l s o , a s a p r e p o s it i o n a l p h r a s e ( e . g . " e v e r y 8 m i n u t e s " or " f o r 5 m i n u t e s " ) . O t h e r w i s e , a s e p a r a t e s t a t e m e n t i n t h e form o f an a t t r i b u t e s e n t e n c e w i l l be made a b o u t t h e IETM o r DURATION, as can be s e e n i n t h e f i g u r e . I f t h e a c t i o n h a s an ASNDISTR, a s t a t e m e n t w i l l t h e n be made a b o u t i t , as a l s o can be s e e n i n t h e f i g u r e . F i n a l l y , a s t a t e m e n t o f t h e form " A f t e r . . . , .
. . . " i s p r o d u c e d from t h e SUCC a t t r i b u t e . The e x a c t form o f t h i s s t a t e m e n t d e p e n d s upon t h e t y p e o f v a l u e which SUCC h a s . I t can be s e e n i n t h e f i g u r e t h a t a 'QTYP' s u c c e s s o r d e s c r i p t o r a c t u a l l y r e s u l t s i n two s e n t e n c e s , w i t h t h e f i r s t one h a v i n g an " i f "
c l a u s e and t h e s e c o n d one b e g i n n i n g w i t h " o t h e rwise".
When describing an action which has already been mentioned in a successor statement, it is not necessary to produce a simple sentence about that action.
If the action has a non-simple DURATION and/or a SUCC, the appropriate statements about these can immediately be made. This is the case for the 'SERVIC' action in the example. No output was produced from the 'LEAV' action, because it had already been mentioned in a successor statement and it had no additional attributes to be described.
If a stationary entity has a QUANTITY or
CAPACITY a t t r i b u t e w i t h a v a l u e g r e a t e r t h a n 1.
a s t a t e m e n t w i l l be made a b o u t i t s h o r t l y a f t e r t h e e n t i t y i s f i r s t m e n t i o n e d i n an a c t i o n s e nt e n c e ( e . g . " T h e r e a r e 2 pumps i n t h e s t a t i o n . " or "The c a p a c i t y o f t h e s t a t i o n i s 8 v e h i c l e s . " ) .
A f t e r d e s c r i b i n g t h e a c t i o n s and t h e e n t i t i e s , a s e p a r a t e o n e -s e n t e n c e p a r a g r a p h i s p r o d u c e d w i t h t h e v a l u e s o f PROBTIME a n d TIMUNIT o f MEMORY, as can be s e e n i n t h e f i g u r e .
The GPSS Program Produced by t h e S y s t e m
The
j u s t t h e a c t i o n l i s t . As was m e n t i o n e d e a rl i e r , t h e s e o t h e r l i s t s a r e n o t shown in t h e IPD d r a w i n g i n F i g u r e 4.
T h e i r c o n t e n t s w i l l be g i v e n i n p a r e n t h e s e s a t a p p r o p r i a t e p o i n t s i n t h e f o l - s t a t i o n a r y e n t i t y , t o r e l a t e i t s IDNAME and i t s IDNO and to d e f i n e i t as a f a c i l i t y o r a s t o r a g e and a q u e u e . I f e i t h e r t h e QUANTITY or CAPACITY a t t r i b u t e i s g r e a t e r t h a n 1, an a p p r o p r i a t e Before NLP can process a queuing problem, it must be initialized with information about the relevant words and concepts and about the grammars of the languages to be used (currently English and GPSS) and how text is to be processed for these languages. Information about words and concepts is entered by means of "named record"
definitions, and the grammars and processing are specified by "decoding rules" and "encoding rules".
Each of these is discussed in detail in Reference 8.
Computer Time
There are at least three different kinds of time which can be reported for a job run on a time sharing system. The "virtual CPU time" does not include system overhead and is essentially the time that the job would take if run under a batch system. The "total CPU time" includes system overhead, most of which is for paging, and depends \ somewhat on the current load on the system. i0. Conclusion
The system described here is considered to be in its early stages of development. It is already quite capable, as can be seen from the sample problem, but it certainly is not yet ready for production use and may not be for at least a few years.
In line with the overall goal stated in the Introduction, work is currently being done on developing the capability for having the system perform the simulation, rather than just producing a GPSS program. This will make it possible to give the user more control over the actual simulation and also make it possible to report the results in the language of the problem. It is intended that facilities for aiding statistical analyses will be incorporated, too.
Along with this, work is continually being done t o expand b o t h t h e k i n d s o f p r o b l e m s t h a t t h e
system can h a n d l e and t h e l a n g u a g e which i t w i l l a c c e p t .
